This paper describes a simple test method for determining the in-plane and transverse shear moduli of unidirectional carbon fibre reinforced composites. The method employs photoelastic coating techniques in conjunction with four point offset bend loading conditions.
Introduction
Various techniques for the measurement of the shear strength and stiffness of uni-directional fibre reinforced composite materials have been recommended in the literature [1] [2] . The main types of test techniques employed in industry are: Lap shear, Transverse compression, Torsion of a thin walled tube, Tension of an off axis flat specimen, and Short beam shear test. One of the major problems in determining the through thickness shear properties of a composite material is the influence of stresses other than shear at the point of interest. The short beam shear test is the most widely used technique for measuring the through thickness shear properties. Due to local compressive forces which act on the beam surfaces by the load point and two supports a state of pure shear can not be induced [3] [4] . In a torsion test of a thin walled tube a reasonably pure state of shear stress has been shown to exist [5] [6] . However, this test usually requires specimens which are expensive and produced by filament winding.
Due to difficulty in measuring the transverse shear moduli of fibre reinforced materials some investigators use the approximation G 12 =G 13 =G 23 , with I being the fibre direction. For fibre reinforced materials with isotropic fibres such as glass fibre this approximation can be used. However, this approximation is not appropriate for carbon fibre reinforced materials, since carbon fibre has an anisotropic structure. This paper presents an alternative but simple technique to the ones mentioned above for the measurements of the in-plane and transverse shear moduli of carbon fibre reinforced composite materials.
Experimental procedures
To overcome the problem of the influence of localised stress concentration, it was decided to use the four point offset bending test. In this test the beam is subjected to a maximum shear stress in a region between two unequal forces remote from the loading points so that the local bearing stresses are negligible. The bending moment and shear force diagrams for four point offset bending are shown in Figure 1 .
Fig. 1 Bending moment and shear force diagram for four point offset bend test
The material used for this investigation was a carbon fibre (XAS type) pre-impregnated with CIBA-GEIGY Fibredux 914 C resin, fabricated by British Aerospace, Warton. The laminate was manufactured using 48 pre-preg layers, each layer having a thickness of 0.125 mm. In order to determine the shear moduli G 12 , G 13 , and G 23 , the specimens were cut in different fibre directions and were coated with a thin layer of photoelastic coating material. The machining was carried out using a diamond tipped sawblade which produces a very fine surface finish. After carrying out tests on a variety of photoelastic coating materials, ranging from Photoflex to an epoxy resin based system, it was found that a 1 mm thick plastic sheet with a reflective backing, PSI, which was bonded to the specimen using a special epoxy type adhesive, PCl, both supplied by Welwyn Strain Measurement was most suitable for this investigation. This material provides good bondability in conjunction with very good optical sensitivity. The elastic modulus of this coating material is 2.5 GN/m 2 , which has a negligible reinforcing effect compared to the actual composite beam. The test set-ups for determination of shear moduli are shown schematically in Figure 2 .
When a beam is coated with a layer of coating material, the coating carries a portion of the load that would otherwise be carried by the structure. A correction factor was determined by equating the forces acting on the coated composite beam to the forces acting on the uncoated composite beam [7] . 
Results and Discussion
The isochromatic pattern for the composite beam under four point offset bending is shown in Figure 3 . This pattern was used to obtain the through thickness shear strain. The isochromatic pattern in Figure 3 indicates that zero direct strain occurs in the middle of the beam length. This correlates with the bending moment diagram shown in Figure 1 . The photoelastic measurements were therefore taken in this region of the beam.
The experimentally determined longitudinal and transverse shear moduli measured from the photoelastic coating technique are presented in Table 1 . For comparison the experimental data for in-plane shear modulus, G 12 , obtained from a standard uniaxial tension test on 45 0 laminate [8] , and transverse shear modulus, G 23 , using a five point bend test [9] are also included in the Table. The value of in-plane shear modulus, G 12 , obtained from the photoelastic coating technique agrees within 7% with the value from the standard test and the value of transverse shear modulus, G 23 , from photoelastic coating technique is within 8% of the value from a five point bend test.
Conclusions
An experimental technique to determine the in-plane and transverse shear moduli of unidirectional carbon fibre composite material, based upon the through thickness shear strain distribution is presented here.
Experimental in-plane and transverse shear moduli obtained from the photoelastic coating technique compared well with results from standard tests for in-plane shear modulus and a five point bend test for transverse shear modulus.
This technique may be used effectively for measuring the shear properties of many types of fibre reinforced composite materials. 
